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PROCEEDINGS 

OF 

THE ROYAL IRISH ACADEMY. 

1843. No. 37. 

January 9. 
SIR Wm. R. HAMILTON, LL.D., President, in the Chair. 

Stewart Blacker, Esq., Thomas Cather, Esq., William V. 
Drury, M. D., William Gore, M. D., Thomas Hodder, Esq. 
R. N., Rev. John Homan, Henry Hutton, Esq., Robert Leslie 
Ogilby, Esq., the Hon. Frederick Ponsonby, and George Sal- 
mon, Esq., F.T.C.D., were elected members of the Academy. 



Rev. H. Lloyd, V. P., read a paper " on the Determina- 
tion of the Intensity of the Earth's Magnetic Force in abso- 
lute Measure." 

The means of determining the intensity of the earth's mag- 
netic force in absolute measure consist, it is well known, in 
observing the time of vibration of a freely-suspended hori- 
zontal magnet, under the influence of the earth alone, and 
then employing the same magnet to act upon another, which 
is also freely-suspended, and noting the effects of its action 
combined with that of the earth. From the former of these 
observations we deduce the product of the horizontal com- 
ponent of the earth's magnetic force into the moment of free 
magnetism of the first magnet, — from the latter, the ratio of 
the same quantities ; and, the product and the ratio being 
thus known, the two factors are absolutely determined. The 
former part of this process involving no difficulty which may 
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not be overcome by due care in observing, we sball confine 
our attention, in the present communication, to the latter. 

Two methods have been proposed for this second obser- 
vation, one by Poisson, and the other by Gauss. The me- 
thod of Poisson consisted in observing the time of vibration 
of the second magnet, under the combined action of the first 
and of the earth, the acting magnet having its axis in the 
magnetic meridian passing through the centre of the sus- 
pended magnet. In the method of Gauss, which is now 
universally adopted, we observe the position of equilibrium 
of the second magnet, resulting from the action of the same 
forces. The acting magnet being placed transversely with 
respect to the suspended one, the latter is deflected from the 
meridian, and the amount of this deflection serves to deter- 
mine the ratio of the deflecting force to the earth's force. 
The position chosen by Gauss for the deflecting magnet is 
that in which its axis is in the right line passing through the 
centre of the suspended magnet, and perpendicular to the 
magnetic meridian, in which case the tangent of the angle of 
deflection is equal to the ratio of the two forces. From this 
ratio it remains to deduce that of the magnetic moment of 
the deflecting bar to the earth's force. 

The difficulty of this process arises from the form of the 
expression of the force of the deflecting bar. This force 
being expressed by a series descending according to the 
negative odd powers of the distance, with unknown co- 
efficients, it is evident that observation must furnish as 
many equations of condition, corresponding to different 
distances, as there are terms of sensible magnitude in the 
series ; and from these equations the unknown quantities are 
to be deduced by elimination. Now, the greater the num- 
ber of unknown quantities thus eliminated, the greater will 
be the influence of the errors of observation on the final re- 
sult ; and if, on the other hand, the distance between the 
magnets be taken so great, that all the terms of the series 
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after the first may be insensible, the angle of deflection be- 
comes very small, and the errors in its observed value bear a 
large proportion to the whole. 

It fortunately happens, that at moderate distances (dis- 
tances not less than four times the length of the magnets) all 
the terms beyond the second may be neglected. The ex- 
pression for the tangent of the angle of deflection is thus 
reduced to two terms, one of which contains the inverse cube 
of the distance, and the other the inverse fifth power ; that 
is, if « denote the angle of deflection, and d the distance, 

Q . <»' 
tana = - 3 H s ; 

in which q and q' are unknown coefficients, the former of 
which is double of the ratio sought. Accordingly, the me- 
thod recommended by Gauss consists in observing the angles 
of deflection, u and w', at two different distances, d and d', 
and inferring the coefficient Q by elimination between the 
two resulting equations of condition. 

It is evident, however, that if the coefficient of the in- 
verse fifth power of the distance be evanescent, — or, more 
generally, if the ratio of the two coefficients be known £ 
priori, — the quantity sought may be obtained, without elimi- 
nation, from the results of observation at one distance only. 
For if ©/ = hQ, k being a known quantity, the preceding ex- 
pression becomes 



tm " = p( 1 + p)« 



and accordingly the value of e is obtained, from the result of 
observation at a single distance, by the formula 

D 3 tanw 



Q = 



1 + Ad 



-a 



And, not only is the labour of observation thus diminished, 
but (which is of more importance) the accuracy of the te- 

2 b 2 



298 

suit is increased. In order to show this, the author en- 
tered into an examination of the amount of the probable 
error in the two methods, from which it appeared that the 
probable error of Q, arising from an error in the observed 
deflection, will be less than in the usual method in the ratio 
of 1 to 5.563, even when the latter is employed in the man- 
ner most conducive to accuracy. In fact, the ratio of the 
probable error to the entire quantity is found to be ex- 
pressed, in the two cases, by the formulae 

Aq_A« Aq _ s/q l * 4 - 1 Au 

q "~ u ' <j ~ y 2 — 1 u 

where q denotes the ratio of the two distances ; and the least 

value of the factor Y.?. _ZL_ is 5.563, and corresponds to the 

? 2 -l 
ratio q = 1.32. 

In order to know the ratio h, it is necessary to de- 
termine the moment of the force exerted by the deflecting 
magnet upon the suspended magnet, extending the approxi- 
mation to the terms involving the fifth power of the distance. 
The axis of the deflecting magnet being supposed to lie in 
the right line joining the centres of the two magnets, and 
the axis of the suspended magnet forming the angle \p with 
that line, this moment is found to be 

2MM' . <1 I fa M 3 . Q/K 2 1 l^'A 1 ? 

in which m and m', m 3 and m' 3 , denote certain integrals de- 
pending on the distribution of free magnetism, in the deflect- 
ing and suspended magnets, whose values are 



M = \ mrdr, m 3 = \ wirVr, 



m being the quantity of free magnetism in any transverse 
section of the magnet, r its distance from the centre, and I 
half the length of the bar. The form of this result exhibits 
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the advantage of the method of deflection recently proposed 
by Professor Lamont, in which ip — 90°, or the deflecting bar 
perpendicular to the suspended bar. 

In the ordinary method, <£ = 90° — u ; and, the moment 
of the force exerted by the earth being XM'sinu, where x de- 
notes the horizontal component of the earth's magnetic force, 
the equation of equilibrium is 

2m $1 /\_M 3 -Ma' . a Ms'X 1 > 

tantt = — j—* + (2— — 8— t-+ lfisura-7 )— iC • 
x I D 3 \ M m' m' J d s 5 

The angle of deflection, «, being small, the term involving 
the square of its sine may be neglected, in comparison with 
the others ; and the equation assumes the form already ad- 
verted to, namely, 



tan« = ^(l + ^); 



in which we have made, for abridgment, 

X MM 

In order to apply this result, we must know, at least ap- 
proximately, the law of magnetic distribution, or the function 
of r by which m is represented. Almost the only knowledge 
which we possess on this subject is that derived from the 
researches of Coulomb. From these researches M. Biot has 
inferred, that the quantity of free magnetism, in each point 
of a bar magnetized by the method of double touch, may be 
represented by the formula 

m = Afa 1 -" — fi l+r ) ; 

ft being a quantity independent of the length of the magnet, 
and a a function of ju and I. M. Biot has further shown, that 
when the length of the magnet is small, the relation between 
m and r is approximately expressed by the simple formula 

m—mj; 

V 
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the curve of intensities becoming, in that case, very nearly a 
right line passing through the centre of the magnet. 
Employing then this approximate formula, we have 

M=imT; M 3 =fmT. 
The ratio of these quantities is — ' = J P, a value indepen- 

* M 

dent of m ; and substituting in the expression of h above 
given, and designating the half lengths of the deflecting and 
of the suspended magnets by I and /', respectively, 
h = i (2P-31*); 

an expression whose value may be exactly known, indepen- 
dently of experiment. This value vanishes, when P = § l n , or 

/= 1-224/'; 

and in this case, therefore, the quantity sought is given by 
the simple formula 

q = D 3 tan u. 

The author concluded his paper with an account of a 
series of deflection experiments, instituted for the purpose 
of confirming these results. The magnets employed were 
cylindrical, their lengths being 3 inches and 3f inches, and 
their diameter 3-10ths of an inch. The observations were 
made with every precaution necessary to insure exactness, 
and at times when the fluctuations in the direction and in- 
tensity of the magnetic force were very small ; and their re- 
sults verify the conclusions above obtained, as applied to the 
case of small magnets. 



Dr. Apjohn next read the following letter, which he had 
received from Captain Boileau, superintendent of the Mag- 
netic Observatory at Simla, in India. 

" Simla, March, 7, 1842. 
" My dear Sir, 

" I have the pleasure of forwarding to you, through the 

Government of India, a complete set of hygrometric tables, 



